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Summary
The Irrigation Training and Research Center (ITRC) has analyzed the data from several non-contact
volumetric flow meter models under various conditions. This testing was done with support from
technical services contracts with the California Department of Water Resources (DWR) and the United
States Bureau of Reclamation (USBR).
Two non-contact flow meters, a Teledyne ISCO LaserFlow and a Hach Flo-Dar, were installed at GlennColusa Irrigation District (GCID) in June 2017 (see Figure 1). Both devices were installed on the Main
Canal at the entrance of the Stony Creek Siphon – a triple bay culvert near the intersection of St. John
Rd. and Highway 45. In July 2019, the original Hach Flo-Dar meter installed was replaced with an
extended range (long-range) model with additional capabilities. A SonTek Acoustic Doppler Flow Meter
(ADFM) installed just downstream was used as the standard device for comparing the non-contact
meter measurements.

Figure 1. Non-contact meters installed at GCID Main Canal Stony Creek Siphon

Data was collected over three and a half irrigation seasons to assess the accuracy of the non-contact
meters and the potential for implementing such devices in open-channel flow measurement
applications. The ranges of overlapping data available for each non-contact flow meter and the standard
SonTek ADFM are listed in Table 1. Within these date ranges, there were periodic gaps in the data where
the sensors did not log measurements; these gaps were excluded from the analysis.
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Table 1. Date ranges over which the data from each non-contact flow meter was analyzed
Device
LaserFlow
Flo-Dar (Standard Range)
Flo-Dar (Long Range)

Start Date
19-Jun-17
19-Jun-17
29-Jul-19

End Date
6-Jun-20
29-Jul-19
29-Aug-20

One of the challenges of using flow measurement sensors in open-channel applications is the
interference between environmental factors and device measurements. Open channel flow meters
could be significantly affected by wind, rain, sediment, algal growth, or debris moving through a canal.
To minimize the presence of such errors, each data set was filtered to eliminate erratic measurements.
Additional data filtering was performed to eliminate data points when the canal water level or water
velocity did not meet the manufacturer’s minimum requirements for flow measurement.
Two metrics were used to report the results of the non-contact meter testing:
1) The average and average absolute error of the hourly flow measurements.
2) The average and average absolute error of the hourly measurements weighted by the flow rate.
This is indicative of the volumetric error of each meter.
The results for each of the non-contact meters tested in comparison to the SonTek ADFM are listed in
Table 2 and Table 3.
Table 2. Summary of hourly flow measurement accuracy results from non-contact meter testing at GCID
Device
Teledyne ISCO LaserFlow
Hach Flo-Dar (Standard Range)
Hach Flo-Dar (Long-Range)

Average Error
(%)
+2.0
+9.7
+8.0

Standard
Deviation (%)
12.5
26.5
20.8

Average Absolute
Error (%)
7.5
13.4
10.0

Table 3. Summary of non-contact meter error weighted by flow rate
Device
Teledyne ISCO LaserFlow
Hach Flo-Dar (Standard Range)
Hach Flo-Dar (Long-Range)

Average Error
(%)
+1.7
+3.7
+3.7

Average Absolute
Error (%)
5.0
8.0
5.8

Non-Contact Flow Meters
Non-contact flow meters are often used to measure flows in municipal pipelines with well-defined crosssections, however, the potential for using these devices in open channel flow measurement applications
has not been extensively researched. One of the advantages of using non-invasive flow measurement
devices is the ability to access and perform maintenance on the sensors year-round. Periodically
retrieving and cleaning submersible sensors can be time consuming and costly for irrigation districts.
ITRC acquired three models of non-contact flow meters from two manufacturers to test the accuracy of
these meters in comparison to an existing SonTek ADFM installed at GCID. The manufacturer
specifications for the non-contact meters tested are listed in Table 4.
Irrigation Training & Research Center
-2-

Table 4. Manufacturer specifications for the non-contact meters installed at GCID
Manufacturer
Model
Power Supply
Velocity method
Velocity measurement location
Maximum water velocity
Minimum water velocity
Water level method
Water level range
Flow measurement accuracy
SCADA integration (Y/N)

Teledyne ISCO
LaserFlow
8 to 26 VDC
Doppler laser
Subsurface
±15 ft/s
±0.5 ft/s
Ultrasonic
0-10 ft
±4%
No

Hach
Flo-Dar (Standard Range) Flo-Dar (Long Range)
8 to 18 VDC
8 to 18 VDC
Doppler radar
Doppler radar
Water surface
Water surface
±20 ft/s
±20 ft/s
±0.75 ft/s
±0.75 ft/s
Ultrasonic
Ultrasonic
0-5 ft
0-20 ft
±5%
±5%
Yes, via MODBUS

Site Overview
The non-contact meters were installed on the Main Canal at the entrance of the triple bay culvert near
the intersection of St. John Rd. and Highway 45. The sensors were mounted side by side, midway across
the canal on the upstream side of the culvert headwall. The LaserFlow Module and Flo-Dar Data Logger
were kept in a nearby vandalism enclosure. The solar panels used to power the sensors were mounted
on top of the enclosure. The existing SonTek ADFM was also installed in the culvert, located just
downstream of the non-contact meter installations. An aerial map view of the GCID Stony Creek Siphon
non-contact meter installation location is shown in Figure 2.
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Figure 2. Aerial map view of GCID Stony Creek Siphon and non-contact meter installation

Figure 3 shows the non-contact meter installations on the headwall of the triple bay culvert. The water
level in the canal periodically rises above the bottom of the culvert headwall. This condition is illustrated
in Figure 4, and is visible in the high-water mark shown in Figure 3.
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LaserFlow
Flo-Dar

High water mark
Figure 3. GCID Main Canal non-contact flow meter installation
Culvert Crossing

Flow Direction

Culvert Crossing
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Figure 4. Canal water level below (left) and above (right) culvert crossing conduit

In 2017, a SonTek RiverSurveyor was used to perform current metering at the site to evaluate the
accuracy of the existing SonTek ADFM. These measurements were performed to determine the ADFM’s
suitability for use as a standard device for the study. The results of the discharge measurements are
shown in Figure 5. The SonTek ADFM measurements had an average error of +1.5% with a standard
deviation of 1.9%, and an average absolute error of 2.1%.
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Figure 5. SonTek RiverSurveyor current metering and SonTek ADFM flows

Data Filtering
Several filters were applied to the raw data to eliminate instances where erratic measurements were
observed from the standard device, and to ensure that the site conditions met the test meter
manufacturer minimum requirements for accurate flow measurement.
For the SonTek ADFM (standard meter) measurements, filters were applied to ensure that the noncontact meter measurements were only compared against reliable flow data from the standard device.
Data points were omitted if:
• 24-hour continuous data was not available prior to the measurement. If the sensor failed to record
measurements, the subsequent measurements were omitted until 24-hours of continuous data had
been recorded. This filter was applied to eliminate measurements that coincided with periods when
the sensor was not operating properly or consistently.
• The measurement significantly deviated from the adjacent measurements. The maximum allowable
deviation in flow rate was set to 10 percent of the 90th percentile of all recorded flow rates. This
corresponded with flow changes greater than ±265 CFS over a 1-hour interval. This filter was applied
to eliminate erratic data when sudden increases/decreases in flow were recorded.
• All data between 12 Oct 2019 and 28 Mar 2020 was omitted. The SonTek ADFM reportedly failed
during October 2019 and was not recommissioned until March of 2020.
• The flow rate logged was less than 20 CFS.
The criteria for the maximum percent deviations were selected based on the estimated maximum
possible change in flow that could occur at this site over the one-hour interval on which the sensors
logged data.
For the test meters, data points were omitted if:
• The average canal water velocity did not meet the manufactures minimum requirements. The
manufacturers minimum velocity requirements vary between the meters tested and are listed in
Table 4 (above). The standard meter flow rate and the non-contact meter water level
measurements were used to compute the average canal water velocity.
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•
•

The distance between the water surface and the non-contact meter exceeds the manufacturers
specified range. The specifications for the maximum distance between the sensor and the water
surface vary between the meters tested and are listed in Table 4 (above).
The flow rate logged was 0 CFS.

Table 5 summarizes the data filters used, the data sets to which they were applied, and the percentage
of the total data that was filtered out for each device.
Table 5. Data filters applied to the raw SonTek and non-contact meter data
Data Filter Applied
Omit values when the flow rate logged was zero
Omit values when the flow rate logged was less than 20 CFS
If 24 hours of continuous data is not available prior to the
logged flow, omit the data point
Omit values when flow changes of greater than ±265 CFS occur
within 1-hour
Omit values when the SonTek ADFM failed
Canal water velocity did not meet manufacturer specifications
Distance from sensor to water level did not meet
manufacturers specifications
Percent of total data that was omitted

SonTek
ADFM
X

X

Flo-Dar
(Standard
Range)
X

Flo-Dar
(Long
Range)
X

X
X

X
X

X
X

X

X

X

40 1

38 2

461

LaserFlow

X
X
X

11

Additionally, it was anticipated that an adjustment would be needed to correct the non-contact meter
data when the canal water level rose above the culvert crossing conduit (when the culvert transitioned
from an open channel to a submerged culvert). It was suspected that the velocity profile of the channel
would change when the culvert became submerged, causing the surface water velocity to decrease and
the non-contact meters to consistently underestimate the flow. A preliminary analysis of the data
determined that the non-contact meter measurements were affected when the culvert was submerged
and that an adjustment equation was needed.
The adjustment equation was developed with a third-order polynomial approximation of the
relationship between the canal water level and the necessary additional flow requirement (“added
flow”) to correct the non-contact meter measurements. The added flow was calculated as the difference
between the non-contact meter measurement and the SonTek ADFM measurement for all data points in
which the recorded water level was above the bottom of the conduit. The threshold water level at which
the adjustment was applied was the same for all test meters. For each device, the required “added flow”
was computed as:
Added Flow = Total Standard Device Flow − Test Device Measured Flow
Including the data that was omitted when the SonTek ADFM failed between 12 Oct 2019 and 28 Mar 2020.
There are large seasonal fluctuations in the water level at this site and, consequently, a significant portion (38%)
of the Standard Range Flo-Dar data was omitted. On July 29th, 2019, the Standard Range Flo-Dar was replaced with
a long-range Flo-Dar that could accommodate the water level variability and provide a more comprehensive data
set.
1
2
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If the test device measured water level (WL) was greater than the threshold value, the total adjusted
test device flow was computed as
Adjusted Device Flow = Measured Device Flow + [A × (WL)3 + B × (WL)2 + C × (WL) + D]

where A, B, C, and D are constants derived from the polynomial approximation. The polynomial
approximations used to compute the added flow requirement for each non-contact meter are shown in
Figures 5 through 7.

Figure 6. Standard Range Flo-Dar added flow polynomial approximation

Figure 7. Long Range Flo-Dar added flow polynomial approximation
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Figure 8. LaserFlow added flow polynomial approximation

Results
The results of the study indicate that non-contact flow meters can be effective open channel flow
measurement devices if the device is properly selected and configured for the site conditions. While
meter accuracy was variable between the devices tested, filtering the data based on the manufacturers
specifications drastically improved the accuracy of all devices. Properly configured non-contact meters
with data filtering algorithms have the potential to provide adequate flow measurement, particularly
when installed in conjunction with traditional flow measurement structures or ADFMs. It is noteworthy
that the selected site was atypical for non-contact meter installations because of the downstream
siphon, entrance conditions, and highly variable flow characteristics. The hourly and weighted by flow
average percent error and average absolute percent error for each of the non-contact meters tested in
comparison to the SonTek ADFM are shown in Figure 9. The performance of each meter is analyzed
separately in the following sections.

Figure 9. Results of non-contact meter testing at GCID
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Hach Flo-Dar (Standard Range)
The Standard Range Flo-Dar experienced the most significant variability in flow measurements over the
analysis period. Additionally, there were several periods over which the sensor did not record any flow
measurements. The graph in Figure 10 shows the adjusted and filtered hourly flow data sets from the
Standard Range Flo-Dar in comparison to the quality-controlled ADFM flow data.

Figure 10. Hourly Standard Range Flo-Dar and ADFM flow rate data

The chart in Figure 11 shows a comparison between the adjusted and filtered Standard Range Flo-Dar
measurements and the quality-controlled ADFM measurements. There was no discernable trend of
under- or overestimation of the Standard Range Flo-Dar measurements. This illustrates the degree of
variability of the flow measurements across the full range of flow rates observed in the study.

Figure 11. Comparison of Standard Range Flo-Dar flow rate to ADFM flow rate (both quality controlled)
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Hach Flo-Dar (Long-Range)
The graph in Figure 12 shows the adjusted and filtered hourly flow data sets from the Long-Range FloDar in comparison to the quality-controlled ADFM flow data. The gap in the data between October 2019
and March 2020 is the period over which the SonTek ADFM failed.

Figure 12. Hourly Long-Range Flo-Dar and ADFM flow rate data

Between September and October of 2019, the canal flow rate dropped and the Long-Range Flo-Dar
measurements appear to oscillate. During this period, the percent error ranged between approximately
0 and 100 percent. It is unknown whether the error increased due to the changing water level or flows,
or whether changing wind speeds/directions interfered with the sensor measurements during this time.
The correlation between the wind speed/direction and the Long-Range Flo-Dar measurements are
analyzed in the Discussion section below.
The chart in Figure 13 shows a comparison between the adjusted and filtered Long-Range Flo-Dar
measurements and the quality-controlled ADFM measurements. Notwithstanding the small portion of
measurements that over or underestimated the flow at low flows, the data set indicates that, on
average, the Long-Range Flo-Dar was providing reliable flow measurement accuracy with respect to the
ADFM.
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Figure 13. Comparison of adjusted and filtered Long Range Flo-Dar flow rate to quality controlled SonTek ADFM
flow rate

Teledyne ISCO LaserFlow
The hourly adjusted and filtered LaserFlow measurements and the quality controlled ADFM
measurements are shown in Figure 14. The LaserFlow data consistently tracks the ADFM data at both
high and low flows, and there is also considerably less noise in the data compared to the other two noncontact meters. The LaserFlow module’s battery failed in May of 2018, resulting in a gap in data
collection until the battery was replaced during a scheduled site visit in March of 2019. At the end of
October 2019, the SonTek ADFM sensor failed and, consequently, approximately 14 months of data was
not able to be analyzed during these two periods.

Figure 14. Hourly adjusted and filtered LaserFlow and quality controlled SonTek ADFM flow rate data
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The chart in Figure 15 shows a comparison between the adjusted and filtered LaserFlow measurements
and the quality controlled ADFM measurements. On average, the LaserFlow slightly overestimates the
flow.

Figure 15. Comparison of filtered and adjusted LaserFlow flow rate to quality controlled SonTek ADFM flow rate

Discussion
Wind Speed and Direction

Because the non-contact meters measure the velocity at the top of the water surface, there was a
concern that the local wind speed could affect the readings of the meter and artificially increase the
error of the device. Wind speed data was collected from the nearest CIMIS station (Station 12)
approximately 12 miles away and compared to the absolute errors of the non-contact meters. Figure 16
and Figure 17 show the average absolute error of each non-contact meter for each wind direction and
wind speed.
For the LaserFlow, both wind speed and direction do not appear to have a strong correlation to device
error. For both Flo-Dar meters, the number and magnitude of the errors was substantially greater when
winds were blowing toward the north-west. Additionally, the absolute errors increase proportionally to
the wind speed for the Flo-Dar meters.
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Figure 16. Non-contact meter average absolute percent errors for each wind direction

Figure 17. Non-contact meter average absolute percent errors for each wind speed

Water Level

An additional analysis was performed to determine if the non-contact meter errors could be attributed
to be attributed to the velocity measurements. For each non-contact meter, a linear best fit relationship
was derived to relate the non-contact meter water level measurements to the ADFM flow rate
measurements. This relationship was used to determine if the non-contact meter water level was a
more accurate indicator of canal flow than the internally computed non-contact meter flow
measurements. The results of this analysis are shown in Figure 18.
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Figure 18. Results of using the non-contact meter water level measurement to predict the flow

For all the meters tested, the stage-discharge relationship was not a more accurate indicator of flow
than the sensors computed flow rate.
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